Galileo was first persuaded (coaxed) that earth is in motion around the sun, which is stationary. Most of his fellows (contemporaries) argued that if it is true then why birds leaving the earth would not be left behind by the speeding earth? Galileo reasoned that if a ship moved uniformly on the sea, a sailor could not distinguish between the situations either the ship is in motion and the sea is at rest or the ship is at rest and the sea is in motion. In Galileo's view-the only motion that is measurable is the relative motion between the ship and the sea; hence the term "Relativity" was manifested first ever.
Inertial Frame:
An inertial frame of reference is one in which Newton's first law of motion holds good. In this frame, an object at rest remains at rest and an object in motion continues to move at constant velocity (constant speed and direction) if no force acts on it. Any frame of reference that moves at constant velocity relative to an inertial frame is itself an inertial frame.
Special theory of relativity deals with problems that involve inertial frames of reference that is, where the body moves with a constant velocity.
Non-inertial Frame:
A reference frame in which a body is accelerated without being acted upon by external force is called a non-inertial frame of reference. Newton's laws are not valid in such a frame of reference.
General theory of relativity, which is published by Einstein a decade later in 1917, concerns itself with all frames of reference including the non-inertial frames of reference which are accelerated with respect to one another.
Failure of Newtonian Mechanics:
For an electron accelerated through a 10 MEV potential difference, a value reasonable easy to obtain, the speed u equals 0.9988c. If the energy of 10 MeV electron above is increased by a factor of four (to 40 MeV) experiment shows that the speed is not doubled to 1.9976c as we might expect from the Newtonian relation 2 2 1 Mv K  , but remain below c; it increases only from 0.9988c to 0.9999c, a chance of 0.11 percent.
Galilean Transformation: Why Galilean transformation introduced?
Newton's laws of motion does not tell us whether there is one or many inertial frames of reference, nor, if there is more than one, does it tell us how we are to relate the coordinates of an event as observed from the point-of-view of one inertial reference frame to the coordinates of the same event as observed in some other. In establishing the latter, we can show that there is in fact an infinite number of inertial reference frames. Moreover, the transformation equations that we derive are then the mathematical basis on which it can be shown that Newton's Laws are consistent with the principle of relativity. The transformation of co-ordinates of a particle from one inertial frame of reference to another is called the Galilean transformation.
Let us consider we are in an inertial frame of reference S and the coordinates of some event that occurs at the time t are (x, y, z). An observer located in a different inertial frame S which is moving with respect to S at constant velocity u, will find that the same event occurs at the time t and has the coordinates (x, y, z ). For convenience, let u is in the +x direction as shown in the figure.
Let us suppose that the clocks in S and S are set such that when the origins of the two reference frames O and O coincide, all the clocks in both frames of reference read zero i.e. t = t = 0. According to 'common sense', if the clocks in S and S are synchronized at t = t = 0, then they will always read the same, i.e. t = t always. This is the absolute time concept. We consider an event of some kind, i.e. an explosion occurs at a point (x, y, z , t ) according to S. The motion is in the +x direction and there is no relative motion in the y and z directions, and so the event occurs in S at the point
These equations together are known as the Galilean transformation. They tell us how the coordinates of an event in the inertial frame S, which moving with a uniform velocity u with respect to S, are related to the coordinates of the same event as measured in S which is in rest.
According to the symmetry of space, if S is moving with a velocity u with respect to S, then S will be moving with a velocity -u with respect to S so the inverse transformation should be obtainable by simply exchanging the primed and unprimed variables, and replacing u by −u. Thus the inverse transformation, i.e., the transformation from S to S is
The time-interval and space-interval measurements are absolutes according to the Galilean transformation. (1)
Special relativity is based on two postulates which are contradictory in classical mechanics: It was Einstein who, in 1905, pointed out that the only way to understand this was to change our notion of simultaneity. This was his famous special theory of relativity. 1. Principle of equivalence of physical laws: "The laws of physics are the same in all inertial frame of reference. No preferred inertial system exists". 2. Principle of constancy of velocity of light: "The speed of light in free space (vacuum) has the same value c  3×10 8 m/s in all inertial frames of reference, independent of the relative velocity of the source and observer".
Consequences of Einstein's postulates:
There are four important consequences of Einstein's postulates:
Relativity of simultaneity: Two events that appear simultaneous to an observer A will not be simultaneous to an observer B if B is moving with respect to A.
Relativity of Time (Time dilation):
Moving clocks tick slower than an observer's "stationary" clock.
Relativity of Length (Length contraction):
Objects are observed to be shortened in the direction that they are moving with respect to the observer.
Mass-energy equivalence:
According to the relationship E = mc², energy and mass are equivalent and transmutable.
Failure of Galilean transformation:
The second postulate calls for the same value of the speed of light c when determined in S or S. This contradicts with Galilean transformation. If we measure the speed of light in the x-direction in the S system to be c, however, in the S system it will be u c c    Clearly a different transformation is required if the postulates of special relativity are to be satisfied.
Lorentz Transformation:
Einstein's special theory of relativity says the speed of light is constant; we have to modify the way in which we translate the observation in one inertial frame to that of another. The set of Galilean transformation 
These equations are called the Lorentz transformation.
Derivation of Lorentz Transformation Equations:
For the constancy of velocity of light we have to introduce the new transformation equations which fulfill the following requirements:-1. The speed of c must have the same value in every inertial frame of reference. 2. The transformations must be linear and for low speeds u<<c, they should approach the Galilean transformations. 3. They should not be based on "absolute time" and "absolute space".
A reasonable guess about the nature of the correct relationship between x and x is
Here k is a factor that does not depend on either x or t but may be a function of u. Because the equations must have the same form in both S and S, we need only change the sign of u (in order to take into account the difference in the direction of relative motion) to write the corresponding equation for x in terms of x and t:
The factor k must be the same in both frames of reference since there is no difference between S and S other than in the sign of u.
Let us consider that a light pulse that starts at the origin of S at t = 0. Since we have assumed that the origins are coincident at t = t = 0, the pulse also starts at the origin of S at t = 0. Einstein's postulates require that the equation for the x-component of the wave front of the light pulse is ct x  in frame S and t c x    in frame S.
Substituting ct for x and ct for x in Eq.
(1) and (2), we get
and
The complete relativistic transformation is
) ( (ii) Reduces to Galilean transformation for u/c1. The observer in S will observe that the frame S is moving to the right with a velocity -u with respect to it. Thus, when we solve Eqs. (7)-(10) for x, y, z, and t in terms of the primed coordinates, we obtain )
) (
which are identical in form of Eqs. 7-10 and are known as Inverse Lorentz transformations.
Relativistic Velocity Transformation:
The complete set of relativistic Lorentz transformation is
Let v x , v y , and v z are the velocity components of a particle with respect to the S frame along x, y and z directions respectively, while v x , v y , and v z  are the velocity components of that particle with respect to S frame along x, y, and z directions respectively. By differentiating the Lorentz transformation equations for x, y, z and t, we get
We may write the complete set of relativistic velocity transformation as Thus the observers in the car and on the road both find the same value for the speed of light, as they must. 
This is means that speed of one electron relative to the other is less than c.
Relativity of Simultaneity:
Two events are said to be simultaneous if they occur at the same time. According to the relativity of simultaneity, if two observers are in relative motion, they will not agree as to whether two events are simultaneous. If one observer finds them to be simultaneous, the other generally will not, and conversely.
The simultaneity of the two events is not an absolute concept and depends on the frame of reference. In fact each observer is correct in his own frame of reference.
Two events that appear simultaneous to an observer A will not be simultaneous to an observer B if B is moving with respect to A.
Let us consider an example to clarify the above statement: Figure: Spreading of light signals in a toy car as observed (a) by an observer on the car itself and (b) by an observer standing on the ground.
Imagine a trolley traveling at a constant speed along a smooth, straight track. In the centre of the trolley there a light bulb is hanged. When it is switched on, the light spreads out in all directions at a speed c. Because the lamp is equidistant from the two ends, an observer on the trolley will find that the light reaches the front and the rear ends at the same time, i.e., the two events of light reaching the front and the rear ends occur simultaneously (Fig. a) . However, to an observer on ground these two events do not appear to be simultaneous. As the light travels out from the bulb, the trolley itself moves forward, so the beam going to the rear end has a shorter distance to travel than the one going forward. According to this observer, therefore, the second event appears to happen before the first event (Fig. b) . Therefore, we can conclude that the two events that are simultaneous in one inertial frame are not, in general, simultaneous in another frame.
In fact, measuring times and time intervals involve the concept of simultaneity and from the above discussion it follows that the time interval between two events may be different in different frames of references.
Proof of this statement:
Let us consider two frames of reference S and S . The frame reference S is moving with velocity u relative to the frame of reference S along +ve direction of x-axis and the two events occur simultaneously in S. Since the events are simultaneous in frame S, therefore we have t 1 = t 2 . but it is not so because x 1 is not equal x 2 . Therefore, the same two events are not simultaneous in frame S.
Length Contraction:
The length of a body is measured to be greatest when it is rest relative to the observer. When it moves with a velocity v relative to the observer its measured length is contracted. In simple terms: The length of an object to be shorter when it is moving then when it is rest.
Situation : A stick fixed in S but observed in S.
Let us consider a stick at rest in the system S and the coordinates of two ends are x 1 and x 2 so that its length as measured by an observer in S is given by L = x 2 -x 1 . The frame S is moving with a velocity u with respect to S.
From S, length must be measured at the same time t. According to the Lorentz transformation )
This summarizes the effect known as length contraction. The frame S is at rest with respect to the object so the measured rest length is L and L >L. As the frame S is moving with respect to S, all observers outside the frame S are in motion relative to S and measure a shorter length, but only along the direction of motion; length measurements transverse to the direction of the motion are unaffected. For ordinary speeds (u<<c), the effects of length contraction are too small to be compared (L  L).
Length contraction suggests that objects in motion are measured to have a shorter length than they do at rest.
Faster means shorter
Time Dilation: Moving clocks tick slower than an observer's "stationary" clock.
A clock is measured to go at its fastest rate when it is at rest relative to the observer. When it moves with a velocity u relative to the observer, its rate measured to have slowed down by a factor 2 2 / 1 c u  . Proof: Let there be two frames of reference S and S ; S is moving with a velocity u relative to S along (+ve) direction of x-axis. Let a clock to be at rest at the point x in the moving frame S and another clock be rest at the point x in the frame S. Let two events occurs in S at x : one occurs at time t 1 and other at time t 2 . The corresponding times measured by the clock at S are t 1 and t 2 respectively. Then the time interval between the two events as noted on the clock in the moving frame S is given by Thus the time interval t  between two events occurring at a given point in the moving frame S appears to be longer or dilated to the observer in the stationary frame S.
The relation is true only when t  represents the time interval between two events in a reference frame where the two events occur at the same point in space.
The time dilation effect has been verified experimentally with decaying elementary particles as well as with precise atomic clocks carried aboard aircraft.
Meson Decay:
-meson Produced in the upper reach of the atmosphere as a result of collision between fast cosmic ray particles, arriving the earth from space, and the air molecules. It decays into electron and two neutrinos each. The total energy of the original body must equal the sum of the total energies of the fragments. Hence reference system is implied. A reference system fixed in the medium of propagation of light presents difficulties because no medium seems to exist in contrast to sound. According to Maxwell, light waves are electromagnetic wave and the physicists' upto the 19 th century felt quite sure that the EM waves require a propagation medium like all other kinds of waves. For light, they assumed this medium named as 'Luminiferous Ether'. But problems arose when Ether is attributed to some strange properties:
i) Since light passes through vacuum, so Ether must be massless and of zero density and must have perfect transparency to account for its undetectability. ii) Wave propagation requires shearing forces and these forces can occur in solid only. It means that Ether must be a rigid solid filling the whole space. As the velocity of wave propagation depends on the elasticity of the medium, Ether must be highly elastic. Thus, the whole free space must be filled up with such an elastic medium to sustain the vibration of light waves. Though these are difficult to predict the people believed the Ether medium. A solution of Maxwell's equation gives the speed of light, c = 3×10 8 m/sec, this is in agreement with experimental result. This is now well known that light waves are transverse electromagnetic waves in origin and do not need any medium.
Michelson and Morley mounted the interferometer on a massive stone slab for stability and floated the apparatus in mercury so that it could be rotated smoothly about a central pin. In order to make the light path as long as possible, mirrors were arranged on the slab to reflect the beams back and forth through eight round trips.
